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Optical head for an optical disk drive 







(57) An optical head of the present invention appli- 
cable to an optical disk drive includes a light-transmitting 
phase shifting device (4). The phase shifting device re- 
duces aberration ascribable to a difference in the thick- 
ness of the substrate of an optical disk. This not only 



insures the effective reproduction of data out of optical 
disks having different substrate thicknesses, but also 
guarantees a sufficient quantity of light representative 
of a reproduced signal and a sufficient lens numerical 
aperture. The optical head therefore achieves a desira- 
ble reproduced signal characteristic. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical disk drive 
for driving a compact disk or similar optical disk and, 
more particularly, to an optical head capable of record- 
ing and reproducing data out of optical disks each hav- 
ing a substrate ol particular thickness. 

It is a common practice with an optical disk to form 
a transparent substrate having a preselected thickness 
in order to protect the recording surface of the disk of 
the order ol microns. Rays issuing from an optical head 
form a fine spot on the recording surface of the disk by 
being transmitted through the transparent substrate. 
Because the resulting converged beam propagates 
through the transparent substrate which is parallel and 
flat, wavefront aberration occurs in the beam in accord- 
ance with the substrate thickness. The wavefront aber- 
ration refers to the deviation of the equiphase wave sur- 
face of the converged beam from a spherical surface. 
Should the wavefront aberration increase, the diameter 
of the converged spot would exceed a diffraction limit 
and would thereby degrade the recording and reproduc- 
ing characteristic. In light of this, a lens included in the 
optics of an optical head is so designed as to correct the 
wavefront aberration, so that a fine spot close to the dif- 
fraction limit can be formed on the recording surface. 

Generally, the substrate of an optical disk has a par- 
ticular thickness matching with a desired application. 
Because the wavefront aberration stated above de- 
pends on the thickness of the substrate, the convention- 
al optical head cannot record or reproduced data in or 
out of optical disks other than one having a particular 
substrate thickness. That is, the conventional optical 
head cannot meet the demand for the recording and re- 
production with two or more different optical disks hav- 
ing different substrate thicknesses. 

To solve the above problem, a mask area may be 
formed on an objective lens, as proposed In the past. 
This, however, brings about a problem that the mask ar- 
ea existing on the lens at all times reduces the optical 
efficiency, in addition, the mask area reduces the nu- 
merical aperture applicable to the head. 

Technologies relating to the present invention are 
disclosed in, e.g., "A Compact-Disk-Compatible Digital 
Versatile Disk Pickup Using Annular Mask" by Chul Woo 
Lee et al, Jpn. J. Appl. Phys., Vol. 36 (1 997), pp. 486-490 
and Japanese Patent Application Laid-Open Nos. 
3-52132, 5-6569, 5-73945, 6-203405, 7-57271, 
7-65409, 7-9B431, 7-302437, and 8-77594. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an optical head for an optical disk drive and ca- 
pable of reproducing data out of optical disks having dif- 
ferent substrate thicknesses, and insuring a high optical 



efficiency and a large numerical aperture. 

In accordance with the present invention, an optical 
head includes a laser having a wavelength X, an objec- 
tive lens for causing a beam issuing from the laser to be 

5 transmitted through the substrate of an optical disk hav- 
ing a preselected thickness and to form a fine spot on 
the recording surface of the optical disk, and optics for 
sensing the resulting reflection from the recording sur- 
face of the optical disk. A light-transmitting phase shift- 

10 ing device extends along an annular zone symmetrical 
with respect to the optical axis of the beam incident to 
the objective lens, and shifts the phase of the beam by 
0.3 X or less. 

Also, in accordance with the present invention, an 

15 optical head includes a laser having a wavelength X, an 
objective lens for causing a beam issuing from the laser 
to be transmitted through the substrate of an optical disk 
having a preselected thickness and to form a fine spot 
on the recording surface of the optical disk, and optics 

20 for sensing the resulting reflection from the recording 
surface of the optical disk. A light-transmitting phase 
shifting device extends along an annular zone symmet- 
rical with respect to the optical axis of the beam incident 
to the objective lens, and effects a phase shift selectively 

2S variable to zero or to a preselected value other than zero 
in response to a signal input from the outside of the 
head. 

Further, in accordance with the present invention, 
an optical head includes a laser having a first wave- 
30 length for reproducing data out of an optical disk whose 
substrate has a first thickness, a laser having a second 
wavelength for reproducing data out of an optical disk 
whose substrate has a second thickness, a wavelength 
combiner for causing each of beams issuing from the 

35 lasers to propagate in the same direction, an objective 
lens for causing each of the beams issuing from the la- 
sers to be transmitted through the substrate of the opti- 
cal disk having a particular thickness and to form a fine 
spot on the recording surface of the optica! disk, and 

40 optics tor sensing the resulting reflection from the re- 
cording surface of the optical disk. A light-transmitting 
phase shifting device extends along an annular zone 
symmetrical with respect to the optical axis of the beam 
incident to the objective lens, and effects a substantially 

45 zero phase shift with the beam having the first wave- 
length, but shifts the phase of the beam having the sec- 
ond wavelength by a value other than zero. 

Moreover, in accordance with the present invention, 
an optical head includes a laser, an objective lens for 

50 causing a beam issuing from the laser to be transmitted 
through the substrate of an optical disk having a prese- 
lected thickness and to form a fine spot on the recording 
surface of the optical disk, and optics for sensing the 
resulting reflection from the recording surface of the op- 

55 tical disk. A plurality of phase shifting devuces extend 
along an annular zone symmetrical with respect to the 
optical axis of the beam incident to the objective lens, 
and shifts the phase of each incident beam by a partic- 
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ular amount. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advan- 
tages of the present invention will become apparent 
from the following detailed description taken with the ac- 
companying drawings in which: 

FIG. 1 shows a conventional optical head; 
FIG. 2 shows a relation between the radial position 
of the aperture of an objective lens and the phase 
difference occurring there; 

FIG. 3 shows a first embodiment of the optical head 
in accordance with the present invention; 
FIG. 4 shows an arrangement of phase shitting 
means included in the first embodiment; 
FIG. 5 shows phase shitting means representative 
of a second embodiment of the present invention; 
FIG. 6 shows a third embodiment of the present In- 
vention, 

FIG. 7 shows a fourth Embodiment of the present 
invention; and 

FIG. 8 shows a modification of the arrangement of 
the phase shifting means included in anyone of the 
illustrative embodiments. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

To better understand the present invention, brief ref- 
erence will be made to a conventional optical disk drive, 
shown in FIG. 1. Because the substrate of an optical 
disk has a particular thickness matching with a desired 
application, the amount of correction of the wavefront 
aberration depends on the thickness of the substrate, 
as stated earlier. With a conventional optical head, it is 
impractical to record and reproduce data out of two or 
more different kinds of optical disks each having a par- 
ticular substrate thickness 

In light of the above, as shown in FIG. 1. the con- 
ventional optical disk drive includes an objective lens 51 
provided with an annular mask area 52. The objective 
lens 51 Itself is so designed as to form an optimal spot 
on a first optical disk 53 whose substrate has a first thick- 
ness. However, when the lens 51 is used to reproduce 
data out of a second optical disk 54 whose substrate 
has a second thickness, aberration occurs due to the 
difference in substrate thickness and sequentially in- 
creases toward the perimeter of the lens 5 1 . The annular 
mask area 52 masks the zone of the lens 51 where the 
aberration begins to increase. As a result, light propa- 
gating through the lens 51 inside of the mask area 52 is 
allowed to form a desirable spot even on the second disk 
54. Light outside of the mask area 52 is scattered due 
to great aberration and has little influence on the shape 
of the spot. 

However, because the mask area 52 always exists 



on the lens 51, it intercepts even the rays directed to- 
ward the first disk 53 and thereby reduces the optical 
efficiency. Moreover, only the rays propagating through 
the lens 51 inside of the mask area 52 are available for 
5 the second disk 54. limiting the numerical aperture ap- 
plicable to the above arrangement. 

Preferred embodiments of the optical head for an 
optical disk drive in accordance with the present inven- 
tion will be described hereinafter. First, 1 found the fol- 
io lowing in searching for a solution to the above problems. 
When spherical aberration occurs due to a differ- 
ence in the substrate thickness of an optical disk, the 
position where a focused spot image has the smallest 
diameter is deviated from the designed focal point of an 
75 objective lens in the focus direction. This is because the 
spherical aberration is partly corrected by aberration de- 
rived from the shift of the focal point. FIG. 2 shows a 
curve representative of the combined aberration of the 
spherical aberration ascribable to the substrate thick- 
20 ness and the aberration ascribable to the shift of the fo- 
cal point and determined under conditions implementing 
a spot image of smallest diameter. In FIG. 2, the origin 
indicates the center of an objective lens while the ab- 
scissa indicates the radius of the aperture of the lens. 
25 The combined aberration is represented by a phase de- 
viation (phase difference) from the ideal wavefront free 
from aberration and is greatest around the center of the 
radius of the lens aperture. It follows that if the aberra- 
tion is corrected by a certain amount over the range in- 
30 dicating by hatching in FIG. 2. the aberration can be no- 
ticeably reduced over the entire lens. The curve shown 
in FIG. 2 was obtained with an objective lens whose nu- 
merical aperture was 0.6 and a variation of substrate 
thickness of 0.6 mm. 
35 On the other hand, as for a first optical disk on which 
the design of the objective lens is based, the aberration 
of the entire lens increases due to the above additional 
correction. However, if the absolute value of the amount 
of phase shift (aberration correction amount) is selected 
40 to be 0.3 X or less in terms of laser wavelength, the re- 
production characteristic does not noticeably vary with 
the first disk. This was proved by a series of experiments 
in which the aberration was actually corrected with the 
first disk. 

45 In accordance with the present invention, light- 
transmitting phase shifting means is used to implement 
the reproduction of data out of optical disks each having 
a particular substrate thickness. The phase shifting 
means obviates the conventional loss of light and in- 

50 sures substantially the same numerical aperture avail- 
able for the first disk even for the second disk. 

1st Embodiment 

55 Referring to FIGS. 3 and 4, a first embodiment of 

the present invention will be described. FIG. 3 shows an 
essential part of an optical head. As shown, the optical 
head has a beam splitter 2 and an objective lens 3 se- 



3 



5 



EP0 851 415 A1 



6 



quentially arranged in this order in the direction in which 
a laser 1 emits rays. A reflection from the beam splitter 
2 is incident to an optical sensor 5. The reference nu- 
merals 6 and 7 designate optical disks each having a 
particular substrate thickness. 

Phase shifting means 4 is provided on the surface 
of the objective lens 3 that faces the laser 1 . The phase 
shitting means 4 extends along an annular zone sym- 
metrical with respect to the optical axis of the beam in- 
cident to the lens 3. As shown in FIG. 4, the phase shift- 
ing means 4 is implemented by an annular light-trans- 
mitting film formed of a dielectric matenal. In the illus- 
trative ernbodiment. the phase shifting means 4 is 
formed on a circle. The amount of phase shift available 
with the phase shifting means 4 is selected to be 0.31 
X or less in terms ot laser wavelength. The lens 3 is de- 
signed in matching relation to the first disk 6 having a 
smaller substrate thickness than the second disk 7. 

The beam issuing from the laser 1 is incident to the 
lens 3 having the phase shifting means 4 and is shifted 
in phase by a preselected amount thereby. The beam 
propagated through the lens 3 is focused onto one of 
the first and second disks 6 and 7. Assume that the 
phase shifting means 4 is implemented by a 0.26 fam 
thick layer of dielectric material having a refractive index 
of 1.5. Then, for a beam source whose wavelength X is 
0.65 ^m, the phase shifting means 4 shifts the phase of 
the beam by 0.2 X. On the other hand, a reflection from 
the disk 6 or 7 is split by the beam splitter 2 and directed 
toward the optical sensor 5. The deviation of the spot 
position and information signal are detected by conven- 
tional optics. 

Experiments using the illustrative embodiment 
showed that data can be read out of optical disks having 
different substrate thicknesses with a minimum of aber- 
ration. In addition, because the phase shifting means 4 
was light-transmitting, a sufficient optical efficiency and 
a sufficient numerical aperture were achieved with each 
disk, providing a reproduced signal with a desirable 
characteristic. 

Even an optical disk whose substrate thickness is 
intermediate between the substrate thicknesses of the 
two disks 6 and 7 can, of course^ be reproduced by the 
above arrangement because the resulting aberration is 
intermediate between the aberrations particular to the 
disks 6 and 7. This is also true with optics Including a 
collimator lens and an objective lens separate from each 
other. To provide an objective lens to be produced by 
molding with the phase shifting means 4, a mold may 
be formed with a step complementary in shape to the 
phase shifting means 4 beforehand. This allows the 
phase shifting means 4 to be molded integrally with the 
lens. Further, if the amount of phase shift to be effected 
by the phase shifting means 4 is variable, data can be 
reproduced under almost optimal conditions at all times. 



2nd Embodiment 

A phase shift area may be provided independently 
of an objective lens, in which case phase shifting means 

s will advantageously be located between the objective 
lens 3 and the beam splitter 2 shown in FIG. 3. In such 
a case, there can be used even a phase difference 
based on hologram analysis. The second embodiment 
relates to this kind of phase shifting means and will be 

10 described with reference to FIG. 5. 

As shown in FIG. 5, phase shifting means is imple- 
mented by a flat liquid crystal (LC) device 8. The LC de- 
vice 8 includes an annular transparent electrode zone 
9 symmetrical with respect to the axis of the beam inci- 

15 dent to the objective lens 3, FIG. 3. In this configuration, 
the amount of phase shift of a beam propagating 
through the LC device 8 varies in accordance with a volt- 
age applied to the device 8. To record or reproduce data 
in or out of the first disk 6. no voltage is applied to the 

20 LC device 8 so as to effect no phase shift. To record or 
reproduce data in or out of the second disk 7. a voltage 
is applied to the LC device 8 in order to produce a rela- 
tive phase difference in the annular zone 9. Again, the 
objective lens 3. FIG. 3. is designed on the basis of the 

2S substrate thickness of the first disk 6. 

With this embodiment, therefore, it Is possible to op- 
timize the amount of phase shift for each of optical disks 
having different substrate thicknesses and therefore to 
output a desirable reproduced signal, as determined by 

30 experiments. It follows that the embodiment is practica- 
ble even if the amount of phase shift is corrected by the 
phase shifting means by more than 0.3 X. If desired, the 
LC device 8 may be replaced with an electrooptical crys- 
tal. 

35 

3rd Embodiment 

FIG. 6 shows a third embodiment of the present in- 
vention. As shown, a wavelength combiner 12 and the 

40 beam splitter 2 and objective lens 3 are sequentially ar- 
ranged in this order in the direction in which a first laser 
10 emits a beam. A second laser 11 emits a beam to- 
ward the wavelength combiner 12. The beam from the 
second laser 11 is incident to the wavelength combiner 

45 ^ 2 perpendicularly to the beam issuing from the first la- 
ser 10. The optical sensor 5 and first and second disks 
6 and 7 are also shown in FIG. 6. 

The first laser 10 is driven when data should be read 
out of the first disk 6 while the second laser 11 is driven 

so data should be read out of the second disk 7. The wave- 
length combiner 1 2 is so positioned as to steer each of 
the beams to issue from the lasers 1 0 and 1 1 toward the 
objective lens 3. Phase shifting means 13 is provided 
on the surface of the lens 3 facing the laser 10 and ex- 

ss tends along an annular zone symmetrical with respect 
to the axis of the beam incident to the lens 3. The beam 
incident to the lens 3 via the wavelength combiner 12 is 
shifted in phase by a preselected amount by the phase 



4 



7 



EP0 851 415 A1 



8 



shifting means 13 and then focused onto the disk 6 or 
7. The resulting reflection (ronn the disk 6 or 7 is sepa- 
rated by the beam splitter 2 and then incident to the sen- 
sor 5. 

Assume that the first laser 1 0 has a wavelength XI . ^ 
Then, the phase shifting means 1 3 is implemented as a 
dielectric film which shifts the phase of the beam issuing 
from the laser 10 by an integral multiple of XI For ex- 
ample, assume that the wavelength X1 is 0.65 |im. that 
the second laser 11 has a wavelength X2 of 0.78 ^m. i 
and that a dielectric material having a refractive index 
of 1.5 is deposited on the lens 3 to a thickness of 1 .3 
so as to form the phase shifting means 13. Then, 
the amount of phase shift of the beam whose wave- 
length IS 0.55 ^im is equivalent to zero because it is an 
integral multiple of the wavelength. On the other hand, 
ihc beam having the wavelength o1 0.78 |im is shitted 
in phase by about -0.17 X. In this case, the lens 3 is 
designed in matching relation to the first laser 10. 

As Slated above, the phase shifting means 1 3 does - 
not snitt the pfiase of the beam issuing from the first la- 
ser 10, but shifts the phase of the beam issuing from the 
second laser 11 Therefore, by switching the laser to be 
driven in accordance with the substrate thickness of the 
disk 6 or 7. it is possible to reduce the aberration disk 
by disk and therefore to more desirably read data out of 
optical disks each having a particular substrate thick- 
ness In addition, because the phase shifting means 13 
transmits light it does not reduce the quantity of repro- 
duced light at all and insures a sufficient numerical ap- 
erture. 

To further increase the amount of phase shift, the 
dielectric layer constituting the phase shitting means 13 
may be increased in thickness, or a material having a 
particular dielectric constant may be assigned to each 
laser wavelength. The wavelength combiner 12 and 
beam splitter 2 may he replaced with each other, in 
which case a particular optical sensor will be assigned 
to each of the lasers 10 and 11 . Because the amount of 
phase shift is determined by a relative value, the dielec- 
tric film may be formed in a part of the lens 3 other than 
the annular phase shift zone. This Is. in the apparent 
sense, equivalent to causing a phase shift of 0.17 X to 
occur in the phase shift zone. 

4th Embodiment 

To further reduce the aberration ascribable to the 
substrate thickness difference, the annular phase shift 
zone of any one of the preceding embodiments may be 
divided into subzones in the radial direction, and a par- 
ticular phase shift may be assigned to each subzone. A 
fourth embodiment to be described with reference to 
FIG. 7 uses this kind of configuration. In FIG. 7. the origin 
is representative of the center of the annular phase shift- 
ing means while the abscissa and ordinate are respec- 
tively representative of the radius of the lens aperture 
and the phase difference. In FIG. 7. blocks indicated by 



hatching are representative of the section of the annular 
phase shifting means. 

As shown, a phase shift film indicated by rough 
hatching is formed on a lens, not shown, and then the 
other phase shift film indicated by fine hatching is 
formed. As a result, five consecutive subzones not con- 
tinuous in the amount of phase shift (film thickness) are 
formed, further reducing the residual aberration. 

While the substrate of the first disk has been shown 
and described as being thicker than the substrate of the 
second disk in the above embodiments, the embodi- 
ments hold true except for the reversal of the signs even 
when the above relation between the first and second 

disks is inverted. 

The phase shift is determined by a relative value, 

as stated previously in relation to the third embodiment. 

Therefore, the phase shitting means may be provided 

in the peripheral zone around the annular zone. This is 

equivalent to causing a negative phase shift to occur in 

the phase shift area. 

In the illustrative embodiments, the phase shifting 

means is implemented by a dielectric film. Altematively. 

a lens or a suitable transparent sheet may be etched in 

a n annular configuration in order to effect a (negative) 

phase shift. 

As shown in FIG. 8, the phase shifting means of any 
one of the illustrative embodiments may be provided 
with an oval shape. With this configuration, it is possible 
to produce a particular beam shape in each of the track 
direction of an optical disk and the direction perpendic- 
ular thereto. Therefore, an optimal phase shift condition 
can be set for each track pitch and each linear track den- 
sity. 

In summary, it will be seen that the present invention 
provides an optical head for an optical disk drive and 
having various unprecedented advantages, as enumer- 
ated below. 

(1 ) Light-transmitting phase shifting means reduces 
aberration ascribable to a difference In the sub- 
strate thickness of an optical disk. This not only In- 
sures the effective reproduction of data out of opti- 
cal disks having different substrate thicknesses, but 
also guarantees a sufficient quantity of light repre- 
sentative ot a reproduced signal and a sufficient 
lens numerical aperture. The optical head therefore 
achieves a desirable reproduced signal character- 
istic. 

(2) The amount of phase shift of the phase shifting 
means is optimally variable in accordance with the 
substrate thickness of an optical disk, further en- 
hancing the reproduced signal characteristic. 

(3) Two lasers each having a particular wavelength 
are selectively driven In accordance with the sub- 
strate thickness of an optical disk. This allows the 
amount of shift of the phase shifting means to he 
optimally varied in such a manner as to effectively 
reduce aberration. This Is also successful to further 
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enhance the reproduced signal characteristic. 

(4) A plurality of phase shifting means each effect- 
ing a particular amount of phase shift are arranged 
in a phase shift area. It is therefore possible to re- 
duce aberration flexibly in accordance with the ab- 
erration distribution in the radial direction of the ap- 
erture of an objective lens. 

(5) The phase shifting means is provided on the sur- 
face of the objective lens, reducing the size of the 
optical head. 

(6) The phase shifting means is implemented as a 
dielectric film which is relatively low cost. 

Various modifications will become possible for 
those skilled in the art after receiving the teachings of 
the present disclosure without departing from the scope 
thereof. 
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ing along an annular zone symmetrical with re- 
spect to an optical axis of the beam incident to 
said objective lens, for effecting a phase shift 
selectively variable to zero or to a preselected 
value other than zero in response to a signal 
input fronn outside of said optical head. 

An optical head as claimed in claim 5, wherein said 
phase shifting means comprises a dielectric film. 

An optical head as claimed in claim 5, wherein said 
phase shifting means is provided on a surface of 
said objective lens. 

An optical head as claimed in claim 7, wherein said 
phase shifting means comprises a dielectric film. 



20 



1 . An optical head comprising: 

a laser having a wavelength X\ 
an objective lens for causing a beam issuing 
from said laserto be transmitted through a sub- 
strate of an optical disk having a preselected 
thickness and to form a fine spot on a recording 
surface of the optical disk; 
optics for sensing a resulting reflection from the 
recording surface of the optical disk; and 
light-transmitting phase shitting means extend- 
ing along an annular zone symmetrical with re- 
spect to an optical axis of the beam incident to 
said objective lens, for shifting a phase of the 
beam by 0.3 ?i or less. 

2. An optical head as claimed in claim 1 , wherein said 
phase shifting means comprises a dielectric film. 

3. An optical head as claimed in claim 1 , wherein said 
phase shifting means is provided on a surface of 
said objective lens. 

4. An optical head as claimed in claim 3, wherein said 
phase shifting means comprises a dielectric film. 

5. An optical head comprising: 

a laser having a wavelength X; 
an objective lens for causing a beam issuing 
from said laserto be transmitted through a sub- 
strate of an optical disk having a preselected 
thickness and to form a fine spot on a recording 
surface of the optical disk; 
optics for sensing a resulting reflection from the 
recording surface of the optical disk; and 
light-transmitting phase shitting means extend- 



9. An optical head comprising: 

a laser having a first wavelength for reproduc- 
ing data out of an optical disk whose substrate 
has a first thickness; 

a laser having a second wavelength for repro- 
ducing data out of an optical disk whose sub- 
strate has a second thickness; 
a wavelength combiner for causing each of 
beams issuing from said lasers to propagate in 
a same direction; 

an objective lens for causing each of the beams 
issuing from said lasers to be transmitted 
through the substrate of the optical disk having 
a particular thickness and to form a fine spot on 
a recording surface of the optical disk; 
optics for sensing a resulting reflection from the 
recording surface of the optical disk; and 
light-transmitting phase shifting means extend- 
ing along an annular zone symmetrical with re- 
spect to an optical axis of the beanri incident to 
said objective lens, for effecting a substantially 
zero phase shift with the beam having the first 
wavelength, but shifting a phase of the beam 
having the second wavelength by a value other 
than zero. 

10. An optical head as claimed in claim 9. wherein said 
phase shifting means comprises a dielectric film. 

11. An optical head as claimed in claim 9, wherein said 
phase shifting means is provided on a surface of 
said objective lens. 

12. An optical head as claimed in claim 11 , wherein said 
phase shifting means comprises a dielectric film. 



55 13. An optical head comprising: 
a laser; 

an objective lens for causing a beam issuing 



25 



30 



35 



40 



45 



SO 



6 



11 



EP0 851 415 A1 



from said laser to be transmitted through a sub- 
strate of an optical disk having a preselected 
thickness and to f ornn a fine spot on a recording 
surface of the optical disk; 

optics for sensing a resulting reflection from the 5 
recording surface of the optical disk; and 
a plurality of phase shitting means extending 
along an annular zone symmetrical with re- 
spect to an optical axis of the beam incident to 
said objective lens, for shifting a phase of each 
incident beam by a particular amount. 

1 4. An optical head as claimed in claim 1 3. wherein said 
plurality o1 phase shifting means comprise dielectric 
films. 

1 5. An optical head as claimed in claim 1 3, wherein said 
plurality of phase shifting means are provided on a 

surface of said objective lens. 

20 

1 6. An optical head as claimed in claim 1 5, wherein said 
plurality of phase shifting means comprise dielectric 
films. 
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